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[Title of the Invention] METHOD OF FABRI&ATING LIQUID
CRYATAL DISPLAY DEVICE

[Abstract]

[Object] There is provided a method of fabricating a
liquid crystal display device which is capable of preventing
a liquid crystal from being contaminated and deteriorated by
a sealant by improving a dropping method that has been
proposed at present.

[Solving Means] This method has the constitution formed by
dropping a desired quantity of liquid crystal (50) under
reduced pressure inside an ultraviolet or visible curable
sealant (52) formed on one substrate (12) in a frame shape,
positioning the other substrate (11) and further decreasing
pressure to bring the opposite substrates (11 and 12) into
contact with the sealant (52) to overlap the opposite
substrates, increasingkpressure to form a gap between the
opposite substrates (11 and 12), and curing the sealant (52)
before the liquid crystal (50) is diffused to come into

contact with the sealant (52).
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[Claims]

[Claim 1] A method of fabricating a liquid crystal
display device, comprising:

a first step of loading a desired quantity of liquid
crystal under reduced pressure inside a sealant formed on a
first substrate in a frame shape;

a second step of positioning the first substrate to a
second substrate and bringing the second substrate into
contact with the sealant to overlap with the sealant; and

a third step of increasing pressure to cure the sealant
before the 1liquid crystal during diffusion comes into

contact with the sealant.

[Claim 2] The method according to Claim 1, wherein, after
the positioning of the second step, the pressure is
decreased.

[Claim 3] The method according to Claim 1, wherein in the
first step, the liquid crystal is dropped at a plurality of

points on the first substrate.

[Claim 4] The method according to Claim 3, wherein the
sealant includes an ultraviolet or visible curable resin
adhesive and in the third step, the sealant is cured by

ultraviolet or visible rays.

[Detailed Description of the Invention]

[0001]
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[Technical Field of the Invention]

The present invention relates to a method of
fabricating a liquid crystal display device having a liquid
crystal display element constructed to overlap two
substrates at a predetermined interval to encapsulate a
liquid crystal in a gap between the substrates.

[0002]

[Description of.the Related Art]

A liquid crystal display device (or a liquid crystal
module) is composed of: a liquid crystal display element
(such as a liquid crystal display section, a liquid crystal
display panel, or a liquid crystal display) that overlaps
two insulating substrates made of transparent glass spaced
apart at a predetermined interval so that stacking surfaces
of a variety of layers such as transparent pixel electrodes,
alignment layers etc. are opposite to each other, bonds the
opposite substrates using a sealant applied around the edge
between thé opposite substrates in a frame shape (in a
substantially quadrilateral shape) fo simultaneously seal a
liquid crystal between the opposite substrates inside the
sealant, and attaches polarizers outside the opposite
substrates respectively; a backlight that is disposed under
the liquid crystal display element and supplies light to the
liquid crystal display element; a circuit board for driving

the liquid crystal display element which is disposed outside
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the outer circumference of the liquid crystal display
element; a mold frame that is formed of a plastic mold
supporting the respective members; a metal shield case (or a
metal frame) that accommodates the respective members,
covers around the liquid crystal display element and has an
opening exposing a display region of the liquid crystal
display element, and so on.

[0003]

Figs. 10a to 10e are schematic cross-sectional views
showing a conventional first liquid crystal encapsulating
method (or an injecting method), respectively.

[0004]

First, as shown in Fig. 10a, alignment layers {(not
shown in Fig. 10a, but see reference numbers 21 and 22 in
Figs. 5 and 6) are formed on two substrates, respectively.

A thermoset sealant (sealant) 52 is applied on the alignment
layer of the one substrate 12 in a frame shape around an
edge of the substrate except a portion of a liquid crystal
injection port.

[0005]

Then, spacers (not shown) are dispersed on the
alignment layer of the substrate 12, wherein each of the
spacers secures a gap (interval) between the two substrates.
Then, the other substrate 11 is positioned to the substrate

12, brought into contact with the sealant 52 before the



H11-109388.doc -5 -

sealant 52 is cured as shown in Fig. 10b, and laid over and
bonded with the substrate 12.

[0006]

Subsequently, as shown in Fig. 10c, the substrates 12
and 11 ére pressed through two pressurizing plates 13 and 14
and are bonded by the pre-cured sealant material 52.
Thereby, an empty cell 60 is fabricated.

[0007]

Next, as shown in Fig. 10d, the liquid crystal
injection port 51 is dipped in the liquid crystal 50
contained in ‘a liquid crystal dish 17 under reduced pressure.
Then, the pressure is increased (i.e. returns to an
atmospheric pressure), the liquid crystal 50 is injected
into the empty cell 60 by a pressure difference.

(0008]

Finally, as shown in Fig. 10e, the liquid crystal
injection port 51 is sealed by a sealing resin (or an
adhesive). This liquid crystal encapsulating method is
called an injecting method.

[0009]

Fig. lla is a schematic cross-sectional view showing a
conventional second liquid crystal encapsulating method (or
a dropping method), and Fig. 11b is a magnified view of a
main part of Fig. 1lla.

[0010]
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First, as shown in Fig. 1lla, an alignment layer (not
shown) is formed on a substrate 12. A sealant 52 is formed
on the alignment layer of the substrate 12 in a frame‘shape
without a liquid crystal injection port. Then, spacers (not
shown) are dispersed on the alignment layer of the substrate
12. Subsequently, a desired quantity of liquid crystal 50
is dropped on a central portion of the substrate 12. Next,
the substrate 12 is positioned to another substrate 11, 1laid
over the substrate 11 through the sealant 52 before the
sealant 52 is cured. The substrates 12 and 11 are pressed
through pressurizing plates 13 and 14, and thereby the
liquid crystal 50 is stretched throughout the substrates.
The substrates 12 and 11 are bonded by the pre-cured sealant
material 52. Thereby, an empty cell 60 encapsulated with
the liquid crystal is fabricated. Hereinafter, this liquid
encapsulating method is called a “dropping method.” This
dropping method is disclosed, for example, in a Japanese
Patent Application Publication No. Showa 63 (1988)-179323.

“[0011]

[Problems to be Solved by the Invention]

As to the injecting method, because the gap between the
opposite substrates 11 and 12 has a very narrow interval of
several um, it takes a long time from 3 to 10 hours to
inject the liquid crystal into the narrow interval, which

causes production efficiency to be lowered and hinders the
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liquid crystal display element from being formed at a large
size and with high precision. Furthermore, in the injecting
method, it is easy to generate contamination of the liquid
crystal by dipping, waste of the expensive liquid crystal by
the dipping, mixture of air bubbles into the liquid crystal
during the injection, vacuum bubbles, and mixture of air
bubbles during sealing after the injection. Further, in
order to secure an adhesion at a portion where the injection
port is sealed, it is necessary to wipe out the liquid
crystal around the injection port after the dipping, and to
cleansé the liquid crystal attached on the gap portion
between the opposite substrates around the injection port,
and thereby the number of fabrication processes is increased.

[0012]

In order to solve these problems, the dropping method
has been proposed. However, in the conventional dropping
method, the sealant is not cured before the liquid crystal
is brought into contact with the sealant. As such, there is
a problem in that components of the sealant are eluted to
the liquid crystal to thereby deteriorate the liquid crystal
to lower a quality of display, or that the liquid crystal
leaks out through the sealant (see Fig. 11lb). TFor example,
according to disclosure of Japanese Patent Application
Publication No. Showa 63 (1988)-179323, overlapping the

other substrate, reducing the pressure, and compressing are
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performed until the liquid crystal is loaded, diffused, and
reaches a cross-section of the surrounded sealant. Then,
the sealant is solidified.

[0013]

Further, in the dropping method, if the sealant is
cured before the one substrate overlaps with the other
substrate by meéns of the sealant, it is impossible to form
the gap between the opposite substrates.

[0014)]

In order to solve the above-mentioned problems, an
objective of the present invention is to provide a method of
fabricating a liquid crystal display device capable of
improving the conventional dropping method to prevent
contamination of a liquid crystal caused by a sealant.

{0015]

[Means for Solving the Problems]

In order to accomplish the above-mentioned objects, a
method of fabricating a liquid crystal display device éf the
present invention is characterized by loading a desired
quantity of liquid crystal under reduced preésure inside a
sealant formed on one substrate in a frame shape,
positioning the other substrate to bring the other substrate
into contact with the sealant to overlap the opposite
substrates, and increaSing pressure to éure the sealant

before the liquid crystal is diffused to come into contact
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with the sealant. In this manner, the sealant is cured
before the liquid crystal diffused toward the peripheral
sealant is brought into contact with the sealant, and
thereby components of the sealant can be prevented from
being eluted to the liquid crystal. As a result, it is
possible to prevent deterioration of the liquid crystal.

{0016]

Further, the liquid crystal is dropped under the
reduced pressure, so that no gas is sucked into the liquid
crystal.

[0017]

In addition, after the positioning of the opposite
substrates in the second process, the pressure is decreased.
Thereby, no air Bubble is left in a cell.

[0018]

Further, after the dropping of the liquid crystal under
the reduced pressure and the overlapping of the Qpposite
substrates, the pressure is increased. ' Thereby, the gap
between the opposite substrates is'fbrmed by a pressure
diffefence between inside and outside the ceil. Thereafter,
the curing of the sealant is completed. Then, the liquid
crystal is gradually diffused to come into contact with the
sealant. Thereby, the liquid crystal can be prevented from
being in contact with the sealant that has not been yet

cured.
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{0019]

Besides, in the first process, the liquid crystal is
dropped at several points on the first substrate, and
thereby no air bubble is left in the cell.

[0020]

Furthermore, as the sealant, an ultraviolet or visible
ray curable resin adhesive is used. In the third process,
the sealant is cured by ultraviolet or visible rays.
Thereby, the sealant can be easily cured before the liquid
crystal is brought into contact with the sealant.

[0021]

[Embodiments]

Hereinafter, embodiments of the present invention will
be described in detail with reference to the attached
drawings. Further, in the drawings, parts having the same
function are denoted by the same reference ﬁumbers, and
their description will be omitted.

[0022]

Figs. la to le are schematic cross-sectional views
showing a liquid crystal encapsulating method (dropping
method) according to one embodiment of the present invention,
respectively. Fig. 2a is the same view as Fig. 1d, and ﬁig.
2b is a magnified view of a main part of Fig. 2a.

[0023]

First, as shown in Fig. la, a sealant 52 formed of an
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ultraviolet or visible curable resin adhesive is applied, in
a frame shape, around an edge of one substrate 12 on which
an alignment layer (not shown here but see a reference
number 21 or 22 Fig. 5 or 6). Then, the substrate 12 inside
the sealant 12 is applied thereon with, for example, a
solvent that mixes a plurality of beads having a diameter of
6.5 pm.

[0024)]

Subsequently, a liquid crystal 50 is dropped at several
points under reduced pressure (e.g., about a pressure of 10
Torr) using a liquid crystal dropping dispenser 1 (Fig. 4)
as shown in Fig. 1b, wherein the dropping of the several
points are not shown for brevity). Further, dropping the
liquid crystal 50 under the reduced pressure is for

preventing any gas from being sucked into the liquid crystal

50.

[0025]

Next, as shown in Fig. 1lc, the other substrate 11 is
positioned to the substrate 12. Further, the pressure is

decreased (e.g. up to about 0.1 Torr), the substrate 11 is
brought into contact with the pre-cured sealant 52 to
overlap with the substrate 12. In this manner, the
reduction of the pressure after the substrates 11 and 12 are

positioned is for preventing any air bubble from being left

in a liquid crystal cell 60.
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[0026]

Then, as shown in Figs. 1d, 2a and 2b, the pressure is
increased (e.g. up to about hundreds of Torr. A gap is
formed between the opposite substrates 11 and 12 by a
pressure difference between inside and outside the liquid
crystal cell 60, and the gap is formed at a seal portion 52
at constant pressure. 1In Fig. 4d, a plurality of arrows a
indicate the constant pressure.

[0027]

Finally, as shown in Fig. le, before the liquid crystal
50 diffused toward the peripheral sealant 52 comes into
contact with the sealant 52, the sealant 52 is cured by
irradiating ultraviolet or visiﬁle rays from an ultraviolet
or visible ray irradiation lamp 7 of Fig. 4. In this manner,
before the diffused liquid crystal 50 is brought into
contact with the sealant 52, the sealant 52 is cured.
Thereby, it is possible to prevent components of the sealant
52 from being eluted into the liquid crystal, and thus to
prevent the liquid crystal from being deteriorated. .In
addition, the liquid crystal 50 can be prevented from being
leaked.out through the sealant 52.

{0028}

Fig. 3 is a flowchart of the liquid crystal
encapsulating method shown in Figs. 1 and 2 in accordance

with one embodiment of the present invention.
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(0029]

lThe flowchart of Fig. 3 is as follows: (1) preparing
one substrate 12, (2) printing an alignment layer and
rubbing, (3) forming a sealant 52 on the substrate 12, (4)
dropping a liquid crystal 50 inside the sealant 52 on the
substrate 12 (under reduced pressure), (5) positioning the
substrate 12 and the other substrate 11, (6) decreasing the
pressure again, (7) bringing the substrate 11 into contact
with the sealant 52 to overlap with the substrate 12, (8)
increasing the pressure to form a gap bétween the substrates
11 and 12, and (9) curing the sealant 52 before the liquid
crystal 50 is brought into contact with the sealant 52.

[0030]

Fig. 4 is a schematic overall cross-sectional view of a
liquid crystal encapsulating apparatus used for the liquid
crystal encapsulating method of the present invention shown
in Figs. 1 to 3.

[(0031]

Amdng reference numbers, 2 is for a vacuum chamber, 3
for a substrate withdrawal slider, 4 for a substrate
withdrawal port, 5 for a XYZO table, 1 for a liquid crystal
dropping dispenser, 6 for a substrate positioning optical
system, 7 for an ultraviolet or visible ray irradiation lamp,
11 and 12 for substrates, and 60 for a liquid crystal cell

formed by overlapping the substrates 11 and 12.
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{0032]

To be specific, the substrates 11 and 12 are adapted to
move in and out of the vacuum chamber 2 by opening and
closing the substrate withdrawal port 4 to get the substrate
withdrawal slider sliding in a direction of an arrow C. The
XYZ8 table 5 mounted with the substrate 11 moves just
beneath the liquid crystal dropping dispenser 1, and then
the liquid crystal is dropped from the liquid crystal
dropping dispenser 1 onto the substrate 11 inside the
sealant. Then, positioning is performed in such a manner
that the XYZO table 5 mounted with the substrate 12 moves in
X and/or Y directions as wall as in a 0.direction, and at
least two positioning marks (not shown) provided on each of
the substrates 11 and 12 are detected to overlap with
accuracy by the substrate positioning optical system 6.
Thereafter, the pressure is increased and the XYZ0 table 5
moves in a 2 direction, so that the substrates 11 and 12 are

laid over each other and bonded through the sealant. Then,
the XYZO table 5 mounted with the liquid crystal cell 60
combining the substrates 11 and 12 moves in a direction of
an arrow D, and the sealant is cured by the ultraviolet or
visible ray irradiation lamp 7.
[0033]
As set forth above, according to the liquid crystal

encapsulating method or the dropping method for the present
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embodiment, because the liquid crystal is not brought into
contact with the sealant that has not been cﬁred, it is
possible to prevent the liquid'crystal from being
contaminated or from being leaked out through the sealant,
and thus it is possible to guarantee a high yield of
fabrication. As a result, the dropping method can be put to
practical use, and the following effects are produced over
the conventional injecting method which has been generally
used. To be specific, a time to encapsulate the liquid
crystal can be shortened from 3-10 hours of the injecting
method to about 10 minutes, so that it is possible to
improve production efficiency. Thus, the liquid crystal
display element can be made in a big size and with high
precision. Further, it is possiblé to prevent contamination
of the liquid crystal by the dipping, waste of the expensive
liquid crystal by the dipping, mixture of air bubbles into
the liquid crystal during the injection, generation of
vacuum bubbles,.and mixture. of airrbubbles during séaling
affer the injection, all of which are found in the injecting
method. In addition, because the injection port is not
required, it is necessary to wipe out the liquid crystal
around the injection port after the dipping, and to cleanse
the liquid crystal attached on the gap portion between the
opposite substrates around the injection port, so that it is

possible to decrease the number of fabrication processes, to
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make production reasonable, and to shorten a production time.

[0034]

{{(simple Matrix Type Liquid Crystal Display Device))

Fig. 5 is a perspective view of a main part of a liquid
crystal display element 62 in a simple matrix type liquid
crystalAdisplay device to which the present invention can beA
applied.

[0035]

In Fig. 5, in order to orient liquid crystal molecules
to have a twisted spiral structure between two upper and
lower electrode substrates 11 and 12 between which a liquid
crystal layer 50 is fitted, there is a so-called rubbing
method of scrubbing, with for example a cloth in one
direction, surfaces of alignment layers 21 and 22, which are
formed of an organic polymeric resin. such as polyimide and
come into contact with the liquid crystal, on the
transparent upper and lower electrode substrates 11 and 12.
Here, scrubbing directions, namely rubbing directions: one
66 for the upper electrode substrate 11 and the other 67 for
the lower electrode substrate 12 become arrangement
directions of the liquid crystal. The two upper and lower
electrode substrates 11 and 12 oriented in this manner are
faced to have a gap dl such that their rubbing directions 66
and 67 are intersected in a range between about 180 to 360

degrees, and then are bonded by the frame-like sealant 52.
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Then, a nematic liquid crystal having positive dielectric
anisotropy, to which a desired quantity of optically active
substance is added, is encapsulated in the gap using the
vmethod shown in Figs. 1 to 3. Thereby, the liquid crystal
molecules have a molecular arrangement of the spiral
structure between the electrode substrates at a twist angle
6 in Fig. 5. Further, reference numbers 31 and 32 denote
transparent upper and lower electrodes formed of, for
example, ITO (Indium Tin Oxide). A member 40 (hereinafter,
referred to as a birefringent member) producing
birefringence effects is disposed on the upper electrode
substrate 11 of a liquid crystal cell 60 constructed in this
manner, and upper and lowef polarizers 15 and 16 are
interposed between the member 40 and the liquid crystal cell
60.

[0036]

The twist angle 6 of the liquid crystal molecules in the
liquid crystal 50 may have a range between 180 and 360
degrees, preferably between 200 and 300 degrees. However,
most preferably, twist angle 6 has a range between 230 and
270 degrees, from a practical viewpoint that a lighted state
around a critical value of a transmittance-to-applied
voltage curve avoids a phenomenon having light séattering
orientation and maintains a good splitting characteristic.

This condition basically serves to realize the good
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splitting characteristic by making a response of the liquid
crystal molecules to the voltage more sensitive. Further,
in order to obtain an excellent quality of display, a
product An;-d; of refractive anisotropy An; and thickness d;
of the liquid crystal layer 50 is preferably set to a range
from 0.5 to 1.0 pum, and more preferably from 0.6 to 0.9 um.

[0037]

The birefringent member 40 serves not only to modulate
polarization of the light transmitting the liquid crystal
cell 60 but also convert display of only colored colors into
display of white and black in a unit cell of the liquid
crystal cell 60. 1In this end, a product An,'d; of refractive
anisotropy An; and thickness d, of the birefringent member 40
is very important, and is preferably set to a range from 0.4
to 0.8 um, and more preferably from 0.5 to 0.7 pm.

[0038]

Further, since the liquid crystal display element 62
makes use of elliptical poiarization by birefringence,
relationship between axes of the polarizers 15 and 16, an
optical axis of the birefringent member 40 when it is used
as a uniaxial transparent birefringent plate, and liéuid
crystal arrangement directions 66 and 67 of the electrode
substrates 11 and 12 of the liquid crystal cell 60 is
extremely important.

[0039]
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However, as shown in Fig. 6, an optical shield film 33D
is provided between red, green and blue color filters 33R,
33G and 33B on the upper electrode substrate 11, and thereby
it is possible to display many colors.

{0040]

Further, a smooth layer'23 of an insulating material is
formed on the respective filters 33R, 33G and 33B and the
optical shield film 33D in order to reduce influence 6f
their unevenesss, and then upper electrode 31 and alignment
layer 21 are formed.

[0041]

Fig. 7 is an exploded perspective view showing a liquid
crystal display element 62, a driving circuit for driving
the liquid cryst;l display element 62, and a liquid crystal
display module 63 integrating a light source in a compact
manner.

[0042]

A semiconductor IC 34 driving a liquid crystal display
element 62 is provided with a window for inserting the
liquid crystal display element 62 in the middle thereof, and
is mounted on a printed board 35 of a mold frame on which a
liquid crystal driving circuit is formed. The printed board
35 inserting the liquid crystal display element 62 is
inserted in a window of the mold frame formed of a plastic

mold. This result overlaps with a metal frame 41, and a
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nail 43 is folded into a cutaway 44 of the mold frame 42.
Thereby, the frame 41 is fixed to the mold frame 42.

[0043]

An inverter power circuit (not shown) for turning on
the cold cathode fluorescent tubes 36 is received in a
recess (not shown and opposite to a recess 45 of the
reflective plate 38) formed on a right rear portion of the
mold frame 42. The diffusing plate 39, the light guide body
37, the cold cathode fluorescent tubes 36, and the
reflective plate 38 are fixed by folding a tongue member 47
provided on the reflective plate 38 into a small hole 47
formed on the mold frame 42;

[0044]

Figs. 8 and 9 show examples of employing the liquid
crystal display module 63 shown in Fig. 7 to a display
section of a lap-top PC, respectively.

{0045]

Fig. 8 shows the example in a block diagram, and Fig. 9
shows the'example mounted on the lap-top PC 64. A result
computed at a micro—pfocéssor 49 is for driving the liquid
crystal display module 63 at a driving semiconductor IC 34
through a controlling LSI 48.

[0046]

Although the embodiments of the present invention have

been illustrated and described, it will be apparent to those
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skilled in the art that various changes and modifications

can be made without departing from the spirit of the present
invention. For example, the present invention may be

applied to simple matrix type liquid crystal display devices,
active matrix liquid crystal display devices of a
longitudinal or transverse electric field type, or liquid
crystal display devices of a COG (Chip-On-Glass) type

[0047]

[Effects of the Invention]

As set forth above, according to the liquid crystal
encapsulating method or the dropping méthod for the present
embodiment, because the liquid crystal is not brought into
contact with the sealant that has not been cured, it is
possible to prevent contamination of the liquid crystal, and
thus to improve a yield of fabrication. As a result, the
dropping method can be put to practical use, and the liquid
crystal injection time can be considerably shortened, and
fhus it is possible to improve production efficiency.
Further, because the ihjection port is not required, it is
necessary to wipe out the liquid crystal around the
injection port after the dipping, and to cleanse the liquid
crystal attached on the gap portion between the opposite
substrates around the injection port, so that it is possible
to decrease the number of fabrication processes, to make

production reasonable, and to shorten a production time
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(lead time). In addition, because the problem on the long
time of the liquid crystal injection process, with which the
conventional injecting method that has been generally
performed is confronted, can be overcome, the effects of the
present invention are remarkable, whose values are gradually
"increased.
[Brief Description of the Drawings]

(Fig. 11

Figs. la to le are schematic cross-sectional views
showing a liquid crystal encapsulating method (dropping
method) according to one embodiment of the present invention,
respectively.

[Fig. 2]

Fig. 2a is the same view as Fig. 1d, and Fig. 2b is a

magnified view of a main part of Fig. 2a.
[Fig. 3]

Fig. 3 is a flowchart of a liquid crystal encapsulating

method according to one embodiment of the present invention.
{Fig. 4]

Fig. 4 is a schematic overall cross-sectional view of a
liquid crystal encapsulating apparatus used for a liquid
crystal encapsulating method of the present invention.

[Fig. 5]
Figs. 5 is a schematic overall perspective view of a

liquid crystal display element in a simple matrix type
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liquid crystal display device to which the present invention
can be applied.
[Fig. 6]
Fig. 6 1is a partial cutaway perspective view of an
upper electrode substrate of a separate color liquid crystal

display element of a simple matrix type.

[Fig. 7]
Fig. 7 is an exploded perspective view of an example of
a simple matrix type liquid crystal display module.
[Fig. 8]
Fig. 8 is a block diagram of an example of a lap-top PC
assembled with the liquid crystal display module of Fig. 7.

[Fig. 9]

Fig. 9 is an appearance perspective view of a lap-top
PC assembled with the liquid crystal display module of Fig.
7.

[Fig. 101"

Figs. 10a to 10e are schematic cross-sectional views
showing a conventional first liqdid crystal encapsulating
method (or an injecting method), respectively.

[Fig. 11]

Fig. lla is a schematic cross-sectional view showing a
conventional, second liquid crystal encapsulating method (or
a dropping method), and Fig. 1llb is a magnified view of a

main part of Fig. 1lla.
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[Reference Numerals]
1: liquid crystal dropping dispenser
11, 12: substrate
50: liquid crystal
52: sealant
"60: liquid crystal cell
2: vacuum chamber
3: substrate withdrawal slider
4: substrate withdrawal port
5: XYZ6 table
6: substrate positioningvoptical system

7: wultraviolet or visible ray irradiation lamp
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Legends to be inserted in the drawings

Fig. 3

(1) Prepare substrate 12

(2) Print alignment layer and rubbing

(3) Form sealant 52 on substrate 12

(4) Drop liquid crystal 50 inside sealant 52 on substrate 12
(under reduced pressure)

(5) Position substrate 12 and substrate 11

(6) Decrease pressure again,

(7) Bring sﬁbstrate 11 into contact with sealant 52 to
overlap with substrate 12

(8) Increase pressure to form gap between substrates 11 and

12

(9) Cure sealant 52 before liquid crystal 50 is brought into

contact with sealant 52
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